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, , , (
) ,
2
$A$ . $\prime B,$ $G$ , $A$ $\prime B$
$\grave$ g) , $G$
$F(f.g)$ $F:A\cross Barrow e$
1. $F:\mathcal{A}\cross Barrow e$
1. $A$ $f:aarrow 0’$ $\mathfrak{B}$ $g:barrow b’$ , $F(f_{\tau}g)$ , $F(0., b)$
$F(\mathfrak{c}\iota’. b’)$ ,
(a) $F(1_{a}, 1_{b})=1_{F(a,b)}$
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$(l_{3})F(f, g)=F(1_{\Gamma l’}, g)\circ F(f, 1_{(f})=F(f, 1_{f’}\zeta)\circ F^{\gamma}(.1_{a}, g)$
2. $A$ $f$ . $f’$ , $\mathfrak{B}$ $d$ ,
$F(f’of. 1_{b})=F(f’. 1_{b})\circ F(f. 1_{b})$
3. $\mathfrak{B}$ $g,$ $g’$ , $A$ $a$ ,
$F(1_{0}.g’\circ g)=F(1_{a\}g’)\circ F(1_{a}, g)$
, A. B. $G$ ,
$hoin_{A}(a, a’)\cross hom_{\mathfrak{B}}(b, b’)arrow h_{01}n_{C}(F(0..b), F(a’, b’))$ , $(f, g)\mapsto F(f, g)$




, Top $*$ (cartesian closed)
, Top
$*$




$F(X, *)=F(*, Y)=*$ (X, $Y\in$ Top$*$ )
$F:Top_{*}^{op}\cross$ Top$*arrow$ Top$*$ ,
,
2. $F:Top_{*}^{op}\cross$ Top$*arrow$ Top$*$ ,
(1) $TV\wedge Yarrow Y^{l}$ ,
$T\uparrow’\overline{}\wedge F(X,$ $\}^{\sim})arrow F(X, Y’)$ , $F(X, f\prime \mathfrak{s}^{r},)\wedge Yarrow F(X_{\}\}^{-/})$
(2) $V\wedge Xarrow X’$ ,
$V\wedge F(X_{:}’Y)arrow F(X, Y)$ , $F(V.Y)\wedge X’arrow F(X, Y)$
$1X$ ( , $S^{1}$ ) , $X\cross Y$ $Map_{0}(X, Y)$
, $\vdash$.
81
. , $l^{r}\wedge F(.X’. Y’)arrow F(X, l^{r})$ ,
$l^{r}/arrow hlap_{0}(X. X’)arrow LIap_{0}(F(X’.1^{r}), F(X_{\tau}Y))$
3( ). (1) $f\simeq g:Xarrow X’$ , $Y$
$F(f. 1_{Y}\cdot)\simeq F(g, 1_{1}\cdot\cdot):F(X^{l}, Y)arrow F(X.Y)$
(2) $h\simeq k:Yarrow Y’$ , $X$
$F(1_{X}, h)\simeq F(1_{X\}k):F(X, Y)arrow F(X, Y’)$
4. $X,$ $Y$ , $\{F(X, \Sigma^{n}Y)|n\geq 0\}$ ,
$S^{1}\wedge Yarrow\Sigma Y$
$S^{1}\wedge F(X, \Sigma^{n}Y)arrow F(X.\Sigma\Sigma^{n}Y)=F(X, \Sigma^{n+1}Y)$
( )
5. $F$
(1) $X$ $(Y_{\backslash }B)$ ,
$F(X, B)arrow F(X.Y)arrow F(X.Y\cup CB)$
,
(2) $(X. A)$ $Y$ ,
$F(X\cup CA.Y)arrow F(X,\cdot Y)arrow F(A, Y)$
,
, $X$ , $Y\mapsto F(X. Y)$ , [1]
, , $F(X.Y)$ Hopf 2
, X. $Y$ , $\pi_{71}F(X, Y)$ ,
$n>0$
2 , $P\mapsto F(X, P\wedge 1^{r})$ ( $P$ ) $\Gamma$
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6. $X,$ $1^{\Gamma}$ , $F(.X, l^{-})$ ( , $\pi_{0}F$ (X, )
$)$ , $F$
7. $F$ , $X,$ $l^{r}$ ,
$\sigma:F(X, Y)arrow\Omega F(X. \Sigma Y)$ . $\sigma^{l}:F(\Sigma X. Y)arrow\Omega F(X, Y)$
$F$ , $X$ $n$ ,
$h^{n}(X, F)= \lim_{k\cdotarrow+\infty}\pi 0F(\Sigma^{k}X.S^{r\iota+k})$
,
$F(\Sigma^{k}X, S^{n+k})arrow\Omega F(\Sigma^{k}X, S^{n+k+1})\simeqarrow F(\Sigma^{k+1}\simeq X. S^{n+k+1})$
. $..arrow\pi_{0}F(\Sigma^{k}X, S^{n+k})arrow\pi_{0}F(\Sigma^{k+1}X, S^{n+k+1})arrow\cdots$
$h^{n}(X, F)\cong\{\begin{array}{ll}\pi_{0}F(X, S^{n}). n\geqq 0\pi_{-n}F(X, S^{0}), n<0\end{array}$
8. $X\mapsto\{h^{n}(X, F)|n\in \mathbb{Z}\}$
, 3 , ,
$h^{n}(X\cup CA, F)arrow h^{n}(X, F)arrow h^{n}(A, F)$
, Puppe
$h_{n}(X, F)\cong h_{n+1}(\Sigma X, F)$
9. $F$ , $\{F(S^{0}. S^{n})|n\in \mathbb{Z}\}$ $\Omega$ ,
$X\mapsto\{h^{n}(X, F)|n\in \mathbb{Z}\}$
4
$T$ :Top$*arrow$ Top$*$ ,
$F(X.Y)=TY^{X}$ (X, $Y\in$ Top$*$ )
, $F$
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10. $T$ , $F$ ,
,
, Brown , - $arrow$ , (
, )
, $(X. 1”)\mapsto\ulcorner l^{\urcorner}Y^{X}$
, $c*$ $(A_{\dot{F}}B)$ $KK$
, $A$ $B$ @$|$ $JC$ $c*$ $F(A, B)$




$F$ , $T:X\mapsto F(S^{0_{:}}X)$
,
$X\mapsto h_{n}(X, T)=k+\infty\underline{1i}\ln\pi_{n+k}T(\Sigma^{k}X)\cong\{\begin{array}{ll}\pi_{n}TX. n\geqq 0\pi_{0}T(\Sigma^{-n}X). n<0\end{array}$
, $\{TS^{n}|n\geqq 0\}$
, $\{TS^{n}\}=\{F(S^{0}, S^{71})\}$ ,
$X\mapsto h\cdot(X, F)$ , $F$
, , $F$ , ,






$F’(X, Y)=\Omega F(X, \Sigma Y)$
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$F’$ , $F(X, 1^{-})arrow F’(X. 1’)$
,
,
11. ( , ) $T$ :Top$*arrow$ Top $*$
(Cl) X. $Y\in$ Top$*$ , $X\vee Yarrow X$ $X\vee Yarrow Y$
$T(X\vee Y)arrow TX\cross TY$
(C2) ( ) X. ,
$\Delta_{+}^{r\iota}\wedge T(X_{n})arrow T(|X.|)$ . $n\geqq 0$
$|T(X.)|arrow T(|X.|)$
, $F(X, Y)=TY^{X}$ $F$ ,




, Top$*$ , $G$
, ( $G$ ) $G$
Top$*(G)$ , $F$ :Top$*(G)^{op}\cross$ Top$*(G)arrow$ Top$*(G)$
, $G$
, $F$ $G$
12. , $F$ $G$
(1) $G$ $(Y_{\backslash }B)$ ,
$F(X, B)arrow F(X.Y)arrow F(X, Y\cup CB)$
, $G$
(2) $G$ $(X. A)$ ,
$F(X\cup CA.Y)arrow F(X_{t}Y’)arrow F(A_{t}\}’)$
, $G$
85
(:3) $t$ ’ $G$ , $I^{r}$ $G$
$P\cong G/H$ ,
$\Phi:F(X, \nu P^{c}\wedge l’)arrow LIap_{0}(P_{+}.F(X. \Sigma^{1’}Y))$
, $\nu P^{c}$ $P$ $\epsilon$ $(\epsilon\ll 1)$
, $\Phi$ $P\cross O_{,\vee},$ $arrow P_{r,\vee}$ Pontrjagin-Thom , $Y$
$P+\wedge\tau P^{C}\wedge Yarrow O_{\epsilon}^{C}\wedge Y=\Sigma^{V}Y$
[1] . . ( ) . .
1517 . pp. 353-364. , 2006.
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